e izl - s -

LI
.

A S 1N

f

W e

s
iy

F" Efficient GalnAsSb/AlGaAsSb diode lasers emitting at 2.29 ;mi o @

AD—-AZ31 243

S. J. Eglash and H. K. Choi

T

T

NGty

High performance semiconductor diode lasers with
emission wavelengths 4 in the range 2-5 um would be
useful for a vartety of applications, including optical com-
munications employing low-loss fluoride-based fibers, laser
radar exploiting atmospheric transmission windows,
remote sensing of atmospheric gases, and molecular spec-
troscopy. Diode lasers incorporating GalnAsSb active lay-
ers and AlGaAsSb confining layers lattice matched to
GaSb substrates can potentially provide room-temperature
emission from 1.7 to 4.4 um (Ref. 1) with good carrier and
optical confinement.

Room-temperature c'v operation with 4 = 2.0-2.3 um
has been reported®’ for GalnAsSb/AlGaAsSb double-
heterostructure lasers grown by liquid phase epitaxy
(LPE). Pulsed thresheld current densities J;, as low as 1.5
kA/cm’ have been obtained for such devices.? Molecular
beam epitaxy (MBE) has also been used to grow
GalnAsSb/AlGaAsSb double heterostructures, but the
lowest J,;, value reported® for lasers fabricated from MBE-
grown material is 4.2 kA/cm?.

In this study we have used MBE to grow lattice-
matched GalnAsSb/A1GaAsSb double-heterostructure la-
sers with 4 =2.29 um, J, as low as 1.7 kA/cm?, and
differential quantum efficiencies 7, as high as 18% per
facet. This J;, value is almost as low as the best value
reported for LPE-grown devices. Qur 75, values are much
greater than the best reported’® for any GalnAsSb/
AlGaAsSb laser, and are thus the highest so far obtained
for room-temperature operation of any semiconductor di-
ode laser emitting beyond 2 jum. :

Commercial Te-doped n-GaSb (100) substrates were
used for growth of the laser structures. The substrate was
etched to remove contaminants and surface damage,
mounted with In onto a 75 mm holder, loaded into a
Varian Gen 11 MBE system, and heated in the presence of
an Sb flux to desorb surface oxides and other contami-
nants. Reflection high-energy electron diffraction patterns
revealed the 3 1 reconstruction that is characteristic of

Sb-stabilized GaSb (100) surfaces and showed the sub--

strate to be clean and atomicallv smooth.

The sources used for MBE growth were the group III
and group V elements, which yielded beams of Al, Ga, and
In z2toms and of Asy; and Sb; molecules. The substrate
temperatures and V:III Aux ratios employed for epilayer
growth were ootimized to yield the best surface morphol-
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Diode lasers emitting at 2.29?_'Dm have been fabricated from lattice-matched double
heterostructures having a GalnAsSb active layer and AlGaAsSb confining layers grown by
molecular beam epitaxy on GaSb substrates. For pulsed room-temperature operation
these devices have exhibited threshold current densities as low as 1.7 kA/cm? and differential
quantum efficiencies as high as 1§% per facet, the highest room-temperature efficiency
reported for any semiconductor diode laser emitting beyorldﬁz,.’p)n.\
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ogy. The efficiency of incorporation is near unity for Sb as
well as for the group III elements. Arsenic is incorporated
much less readily than Sb because, in comparison with Sb,,
As, has a shorter surface residence time [heat of sublima-
tion of 37 kcal/mol for As,; vs 49 kcal/mol for Sb, (Ref.
6)] and is more stable [atomization energy of 252 kcal/mol
for Asy vs 203 kcal/mol for Sb, (Ref. 6)]. Therefore, the
As and Sb mole fractions in the GalnAsSb and AlGaAsSb
layers were controlled by using a large excess As, flux and
reducing the Sb:III ratio far enough below 1 to yield the
desired Sb mole fraction. The impurity used for n-type
doping was Te provided by the sublimation of GaTe.” The
p-type dopant was Be, which is conventionally used in the
MBE growth of III-V materials. Using these dopants we
have obtained carrier concentrations as high as 1x10'8
and 1% 10" cm™? in n-type GaSb and AlGaAsSb, respec-
tively, and 2% 10'® and 1X10'® cm~? in p-type GaSb and
AlGaAsSb, respectively.

Figure 1 shows a schematic diagram and scanning
electron micrograph of a cleaved cross section of a

DTIC

GalnAsSb/A1GaAsSb laser structure, which consists of an™y

n-GaSb (100) substrate, an n*-GaSb buffer layer, a 1.7-
pm-thick n-Aly soGag spASg.04Sbg 9« confining layer, a 0.4-
pum-thick nominally undoped Gayg g4Ing 14ASq 14Sbg 56 active
layer, a 3.3-pum-thick p-Alg5yGag soAsgeSbgge confining
layer, and a p *-GaSb contacting layer. To fabricate broad-
stripe lasers, 100- or 300-um-wide Cr/Au stripes were de-
fined on the p *-GaSb surface of the wafer by using photo-
resist lift-off. The p ¥ GaSb between the Cr/Au stripes was
removed by etching in H,SO,:H,0,:H,0 to reduce current
spreading. The wafer was lapped from the substrate side to
100 um thickness, and the 71-GaSb surface was metallized
with Au/Sn. Alloying was performed at 300 °C to reduce
the resistance of the Au/Sn contacts to acceptable values.
The wafer was cleaved into 300 um bars, which were then
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separated into individual lasers by scribing. Both facets A5

were left uncoated.
Figure 2 shows the light output versus current for a
300 300 um laser measured at room temperature with 1

ps pulses. For this device, J, = 1.7 kA/cm? and 9, = 15% ™

per facet. Other devices have exhibited 7, values as high as
18% per facet. We have obtained power outputs as high a

290 mW per face:, limited hy the power supply used for the o

measurement. The emission spectrum of a laser 100 um
wide and 300 um long is shown in Fig. 3. The output is
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FI1G. 1. Schematic diagram and scanning electron micrograph of a cleaved cross section of a GalnAsSb/AlGaAsSb laser structure.

centered at A = 2.29 um. Very similar characteristics were
measured for lasers fabricated from two wafers with nom-
inally the same structure that were grown on consecutive
days.

Light output versus current curves were measured at
temperatures from —120 to 20 °C for another 300 300 um
laser. We obtained J,, = 190 A/cm? at — 120 °C. Applying
the expression Ji, (T) = J, exp(T/7Ty), where T is the ab-
solute temperature and J, and T}, are empirical parame-
ters,” gives T}, values of 75 and 50 K near — 120 and 20 °C,
respectively. These values are comparable to the best that
have been reported for similar lasers.>>’

Losses due to nonradiative recombination resulting
from Auger transitions have been analyzed theoretically by
Sugimura'? for 111-V diode lasers with active layers having
band gaps corresponding to emission wavelengths beyond
I um. For GalnAsSb/AlGaAsSb lasers emitting at 2.3
um, Le found the dominant Auger loss mechanism to be
the CHCC process, in which the energy released by recom-
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FIG. 2. Light output vs current for pulsed operation of GalnAsSb/
AlGaAsSb diode luser at room temperature. Light output measured from
one facet; both facets are uncoated. For this device, J,, = 1.7 kA/cm® and
1o 156 per facet.

1293 Appl. Phys, Lett.. Vol. 57, No. 13, 24 September 1990

bination of a conduction-band electron with a heavy hole is
transferred to a second conduction-band electron. Accord-
ing to Sugimura’s calculations, J,, = 13 kA/cm? at room
temperature for devices with an active layer thickness of
0.4 um. Since this value is far higher than those measured
for such lasers both in this study and elsewhere,®? it ap-
pears that Sugimura greatly overestimated the transition
rate for the CHCC process.

In conclusion, we have used MBE to grow lattice-
matched Gag g4Ing 16Asg 14Sbg 36/ Aly 0G0 50A S0 045b0, 96
double heterostructures on GaSb substrates. Diode lasers
fabricated from these structures have exhibited J,;, values
as low as 1.7 kA/cm? and 7, values as high as 18% per
facet for room-temperature pulsed operation with A = 2.29
pm. Optimization of the laser structure, particularly of
active layer thickness and confining layer composition, as
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FIG. 3. Emission spectrum of a GalnAsSh/AIGaAsSh diode laser for
pulsed operation at room temperature,

S. J. Eglash and H. K. Choi 1203



well as further development of the MBE growth technique
and device processing procedures, can be expected to result
in improvements in performance. In addition, it should be
possible to extend the emission to significantly longer
wavelengths by using MBE to grow the same basic struc-
ture, but changirg the composition of the GalnAsSb active
layer to reduce the energy gap. Because of a miscibility gap
in the GalnAsSb system,”’12 it is unlikely that LPE can be
used to grow GalnAsSi-based structures emitting from 2.5
to 4.2 um.
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copy, M. C. Finn for Auger spectroscopy, D. R. Calawa, J.
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Mclntosh, and J. V. Pantano for expert technical assis-
tance, and L. R. Dawson, S. H. Groves, L. Lassabatere, J.
N. Walpole, and particularly A. J. Strauss for many helpful
discussions. This work was sponsored by the Department
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